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摘要 
 杂色鲍(Haliotis diversicolor)广泛分布于韩国、日本、中国、越南和菲利宾
沿岸，是一种具有重要经济价值的养殖鲍种。应用传统的育种方式，杂色鲍育
种工作虽然已经取得了一定进展，但是开展分子标记辅助选育仍然是加速该进
程的必然选择。下一代测序技术可以高通量、低成本地完成 SNP标记的发掘与
分型，目前已被广泛应用于遗传研究的各个方面。本文利用下一代测序技术完
成了杂色鲍的 SNP标记开发与验证、高密度连锁图谱构建、QTL定位和候选基
因的关联分析等工作。主要结果如下： 
(1) 杂色鲍高密度连锁图谱的构建 
本研究以杂色鲍台湾群体雌鲍与日本群体雄鲍的杂交F1代的140个个体为
建图材料，应用一种简化基因组测序技术（RAD-seq）构建杂色鲍的高密度遗
传连锁图谱。本实验共获得符合 CP 群体作图基因型组合的位点有 193,535 个，
其中在 91.6%的个体中出现的 18,477 个位点被用于构建杂色鲍的高密度连锁图
谱。雌雄图谱均包含 16个连锁群，与杂色鲍的染色体数目相同。其中雌性图谱
包含 6,480个 SNP标记，总长度为 8,578.79 cM，标记间的平均距离为 1.32 cM。
雄性图谱含有 10,499个 SNP标记，图谱总长度为 11,571.89 cM，标记间的平均
距离为 1.10 cM。性别整合图谱含有 16 个连锁群与 15,551 个 SNP 标记，图谱
总长度为 10,442.48 cM，标记间的平均距离为 0.67 cM。图谱的基因组覆盖度达
到 99.8%，上图标记的序列总长度已占杂色鲍的基因组总长度的 1‰。 
(2) 生长相关性状的 QTL分析 
为降低运算需求，我们使用至少在 95.4%的个体中出现的标记重新构建了
杂色鲍的高密度连锁图谱。该图谱分 16个连锁群，含有 3,127个 SNP标记，图
谱总长度为 2,190.06 cM，标记间的平均距离为 0.59 cM。经过连锁分析，我们
获得壳长、壳宽、壳高、全重、壳重和腹足重 6 个生长相关性状的 15个 QTL。
这些 QTL分别定位在 4、9 和 11连锁群上，可解释的表型变异范围从 11.9%到
18.9%。其中腹足重有 5个 QTL被检测到，分别位于连锁群 9和连锁群 11；壳
重有 3 个 QTL 被检测到，都位于连锁群 11；全重有 2 个 QTL 被检测到，都位
于连锁群 11；壳宽和壳高都有 2 个 QTL 被检测到，也都分别位于连锁群 4 和
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
2 
 
连锁群 11；壳长有 1个 QTL被检测到，位于连锁群 11。 
(3) 六个生长相关性状共享 QTL 的研究 
连锁群 11 上的 3 个 QTL 都发生了重叠，其中 32.2-34.9 cM 的位置属于六
个生长相关性状共享的 QTL。以该共享 QTL 区域的两个标记序列为探针，我
们从杂色鲍的 BAC文库中筛选出了三个相应的阳性克隆。利用细菌人工染色体
荧光原位杂交技术（BAC-FISH），我们完成了六个生长相关性状共享 QTL的染
色体定位，发现该 QTL位于杂色鲍 6号染色体的着丝粒区域。两个标记都定位
在同一染色体的相同位置，证明所构建的连锁图谱的可靠性，并将图谱中的连
锁群 11 与 6号染色体关联起来。 
同时，我们利用下一代测序技术对这三个阳性克隆进行了测序。虽然由于
较高的 GC 含量和重复序列的存在并未获得克隆的全长，但是我们仍发现一些
可能跟生长性状相关的候选基因。例如，Hippo 信号通路的Mps one binder kinase 
activator-like 1，参与调控细胞分裂的蛋白 Rho GTPase-activating protein 21 和
EGF-like domain containing protein，参与三羧酸循环的琥珀酸脱氢酶以及拥有重
要功能的 molluscan insulin-related peptide。这些候选基因不仅在位置上是成簇存
在的，在功能上也是相互关联的。我们利用定向重测序技术对已获得的 5 个候
选基因的部分序列进行了关联分析，并获得 Rho GTPase-activating protein 21 基
因、EGF-like domain containing protein 基因和 molluscan insulin-related peptide
基因的 33个与生长性状相关的 SNP位点。 
(4) 杂色鲍的系统发育研究 
本研究利用之前收集的杂色鲍的 8 个地理群体，使用线粒体 16S rRNA 基
因和 COI基因的部分片段进行杂色鲍的系统发育研究。研究结果表明，杂色鲍
可分为南北两大地理族群。北方族群由济州岛群体和日本沿海各群体组成，南
方族群由中国沿岸各群体组成。南北两个族群在线粒体 16S rRNA 基因的 224
和 229的位置有各自的特异碱基。使用软件 IMa2p的分析结果显示南北两族群
的分化时间大约是在三十万年前，因此我们推测庐山亚冰期的海平面下降可能
是两族群形成隔离的原因。 
(5) 长期保存样品的定向重测序 
我们从已发表的杂色鲍早期发育 7 个时期的转录组数据中发掘出 9,101 个
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SNP 位点。SNP 位点在杂色鲍转录组中的出现频率为 0.14%，平均每 726bp 就
存在一个 SNP 位点。利用从中开发的 96 个标记检测长期保存的六个杂色鲍野
生群体。在 2008 年采集的样品中我们没有获得至少在 50%个体中出现的标记。
从 2003 年采集的三亚、香港和平潭三个群体中我们获得了 10 个至少在 50%个
体中出现的标记。10 个 cSNP 的分析结果显示三亚群体与香港和平潭之间存在
遗传结构的差异，并且三个群体内部存在基因流，平均基因流为 0.1525。本研
究的结果表明长期保存样品的降解与保存时间并不成正比，定向重测序可以成
为长期保存样品（已降解样品）多位点检测的新工具。 
关键词：杂色鲍；连锁图谱；数量性状位点；系统发育；下一代测序技术 
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Abstract 
Haliotis diversicolor, distributed throughout Japan and areas south of China, 
Korea, and Vietnam, is one of the most economically important mariculture species. 
Traditional breeding programs have been implemented for this species. But due to 
long reproduction cycle of the small abalone, the traditional method takes too long. 
There is therefore an urgent need to accelerate molecular breeding in H. diversicolor. 
Next-generation sequencing (NGS) is a high throughput and cost-effective method 
for SNP discovery and genotyping. In this study, we finished development of SNP, 
construction of linkage map, QTL mapping and sequencing of positive BAC clones. 
The main results are as follows: 
(1) Construction of high-density linkage map in H. diversicolor 
We construct a high-density linkage map in the small abalone (H. diversicolor) 
using an F1 cross population with 140 progeny based on restriction-site-associated 
DNA sequencing. Among 193,535 SNP identified with parents, 18,477 loci appeared 
in more than 120 offspring (91.6%) were used to construct the linkage map. Both 
sex-specific maps had 16 linkage groups, which agree with the karyotype of H. 
diversicolor. The female and male maps contained 6,480 and 10,499 loci, 
respectively. The female linkage map covered 8,578.79 cM with an average interval 
of 1.32 cM. The male linkage map spanned a length of 11,571.89 cM with an 
average interval of 1.10 cM. In the sex-averaged map, a total of 15,551 SNP markers 
were assigned to 16 linkage groups. The map spanned a length of 10,442.48 cM with 
an average interval of 0.67 cM. The genome coverage of the small abalone linkage 
map was approximately 99.8%.  
(2) QTL mapping for growth-related traits 
We reconstructed a high-density linkage map to reduce the need for 
QTLmapping. In the new map, a total of 3,127 SNP markers were assigned to 16 
linkage groups with an average interval of 0.59 cM. A total of 15 suggestive QTLs 
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were identified and they were found on LG4, LG9 and LG11. The phenotypic 
variance explained (PVE) for all the suggestive QTL ranged from 11.9% to 18.9%. 
For each trait, one (SL) to five (MW) suggestive QTL were identified.  
(3) Shared QTL for six growth-related traits 
Three overlapped QTL regions among multiple traits were detected on LG11. 
Among of them, one (32.2-34.9 cM) was shared with six growth-related traits. Two 
loci within the shared region were converted to probes. We screened three positive 
clones from BAC library of H. diversicolor. We found the shared QTL located on 
centromere of the 6
th
 chromosome using Bacterial Artificial Chromosome 
fluorescence in situ hybridization ( BAC-FISH). We also sequenced the positive 
clones by NGS. We found some candidate genes for six growth-related traits, such as 
Mps one binder kinase activator-like 1, Rho GTPase-activating protein 21, EGF-like 
domain containing protein and molluscan insulin-related peptide. These genes not 
only cluster exist in the position but functionally related. 
(4) Phylogenetic analysis of H. diversicolor 
In this study, phylogenetic analysis was conducted with 8 populations using 
mitochondrial 16S rRNA gene and COI gene. The result showed that the small 
abalone could divide into two groups. Northern group consists of Jeju and Japanese 
coastal community, and southern group was composed of Chinese coastal 
community. Two groups on 224 and 229 positions of the mitochondrial 16S rRNA 
genes have their own specific base. Using software IMa2p analysis showed that the 
northern and southern groups divergence time is about at around 300,000 years ago. 
Therefore, we speculate that sea level droping during the Lushan sub-glacial may be 
the reason for the formation of isolated communities. 
(5) Parallel targeted sequencing of long-term preserved samples 
A total of 9,101 SNP were identified from transcriptome data of early life stage. 
The result showed that the estimated SNP frequency was 0.13% (one SNP per 
726bp). Six long-term preservation populations were detected by 96 loci derived 
from transcriptome. Three groups collected in 2008 did not found loci appeared in 
more than 50% individuals within population. We obtained 10 loci appeared in more 
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Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
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